Exercise- and nutrient-controlled mechanisms involved in maintenance of the musculoskeletal mass.
The mechanisms of maintenance of the protein mass of muscle and associated connective tissue and bone are becoming more accessible as a result of the use of a combination of well-established techniques for measurement of protein turnover and measurement of protein expression and phosphorylation state of signalling molecules involved in anabolic and catabolic responses. Amino acids, hormones and physical activity appear to be the major short-term physiological regulators of muscle mass, mainly through their actions on protein synthesis and breakdown, on a time scale of minutes to hours, with duration of changes in gene expression up to weeks. Amino acids are the main components in the diet regulating protein turnover, having marked effects in stimulating muscle protein synthesis and with almost no effect on muscle protein breakdown. Branched-chain amino acids, and in particular leucine, simulate protein synthesis via signalling pathways involving mTOR (mammalian target of rapamycin) in a dose-response manner. Insulin has little effect on protein synthesis in human muscle, but it has a marked inhibitory effect on protein breakdown. The amino acid simulation of anabolism is not dependent on the presence of insulin, IGF-1 (insulin-like growth factor-1) or growth hormone. Exercise not only stimulates protein synthesis in muscle, but also in tendon; and disuse atrophy is accompanied by marked decreases of both muscle and tendon collagen protein synthesis. Bone collagen synthesis appears to be nutritionally regulated by the availability of amino acids, but not lipid or glucose.